Introduction
The complex formation of sugars and cations is of interest in the physical separation of sugar mixtures and the isolation of single tautomeric forms in solution. Sugars can be separated on columns of cation-exchange resins using water as an eluent. 1, 2 For instance, D-glucose and D-fructose were separated using a Ca 2+ column, 3 and α and β anomers of D-allose (both as pyranose and furanose forms) were isolated owing to the difference in the ability to coordinate with cations. 4 Recently, the complexation of lanthanide cation and a mixture of D-arabinose and D-ribose was studied in aqueous solution using diffusion-ordered NMR spectroscopy (DOSY). 5 In this research, DOSY was a useful technique to distinguish between the complexed and noncomplexed forms in a mixture due to the differences in their relative diffusion coefficient values. The resolution of DOSY depends on the molecular size according to the Stokes-Einstein equation, and the diffusion coefficient of a molecule is inversely proportional to the molecular radius. 6 The observed diffusion in the DOSY experiment is an average of the populations of the diffusion of the complexed and noncomplexed forms in equilibrium. The lowest diffusion was attributed to the complex formation resulting from increases in both the size and the molecular weight compared with noncomplexed forms. The DOSY technique is often used as NMR-based screening methods for determining compounds with binding affinity to macromolecules. [7] [8] [9] There is a growing need for efficient methods capable of reliably identifying compounds with the desired binding activity; several NMR techniques using a diffusion filter have been developed, such as diffusion-filtered NOESY and 3D DOSY-NOESY, to identify segments of ligand binding with a protein receptor. 10 One of the advantages of these techniques is that there is no need for isotope labeling, which is commonly used for the analysis of macromolecules.
In the present work, the complexation of 1,6-anhydro-β-maltose [11] [12] [13] (1) with rubidium and that of 1,6-anhydro-β-Dglucopyranose 14 (2) with rubidium were characterized using 1 H DOSY, 87 Rb NMR and electrospray ionization mass spectrometry (ESI-MS) techniques in aqueous solution (Fig. 1) . It is well-known that the hydroxyl groups of carbohydrates form complexes in solution with monovalent cations. 15, 16 Electrophoretic studies can provide information on the abilities of alkali metal ions to form complexes with polyhydroxy compounds.
The migration rate of 1,6-anhydro-β-Dglucopyranose in the presence of metal ion is extremely higher than that alone, indicating complex formation. 16 For the purpose of investigating the properties of monosaccharide and disaccharide-forming complexes with alkali metal ion, characterizing the complex formation of 1 and 2 with rubidium has been carried out using NMR spectroscopy and ESI-MS. Since 87 Rb is a NMR-observable nucleus, and the ability of a rubidium ion to form a complex with monosaccharides and disaccharides is still unclear, the above selection is considered to be an appropriate model system to obtain useful information about the complex formation of carbohydrates with a rubidium ion.
Experimental

NMR spectroscopy
1 H,
87
Rb NMR and 1H DOSY spectra were recorded using 1.0 mM 1 or 2 in the presence or absence of 3.0 mM Rb(OH) in 99.9% 2 H2O at 30˚C on JEOL ECA-600 spectrometers. The pH of the sample solution could not be adjusted because any cations could coordinate with 1 and 2. The experimental parameters of 1 H DOSY were: diffusion time, 400 ms; data size in t2, 4096; spectral width in f2, 2252 Hz; number of transients per increment, 16. The gradient amplitudes were incremented from 1 to 30 G/cm in sixteen steps. In measurements of 87 Rb T1 in the presence and absence of 1 or 2, the experimental parameters were: spectral width, 49213 Hz; data size, 8192; number of transients, 512; recycle time, 1.2 s. The delay times in the inversion recovery method ranged from 0.1 to 100 ms in eight steps, and the T1 values were calculated using a nonlinear curve fitting program equipped in the JEOL Delta software.
ESI-MS
ESI-MS measurements were performed by a time-of-flight mass spectrometer (JEOL JMS-T100). The measurement conditions and sample-preparation procedures were as follows: needle voltage, 2.0 kV; orifice 1 voltage, 40 V; orifice 2 voltage, 7 V; orifice 1 temperature, 40˚C; desolvation temperature, 50˚C; sample flow rate, 20 µL/min; 0.1 mM 1 or 2 in the presence of 0.3 mM Rb(OH) dissolved in H2O/MeOH 9:1. The spectra were obtained via infusion of the sample solution in the positive ionization mode.
Results and Discussion
In the analysis of 1 bound with rubidium, evident 1 H chemical shift differences induced by rubidium were observed for H2, showing a 0.08 ppm difference, and H1, H3' and H5', showing a 0.07 ppm difference (Table 1 and (Fig. 4A) . In the DOSY spectrum in the presence of rubidium, the cross peaks at a diffusion coefficient of 5.08 × 10 -10 m 2 /s were only observed, which should correspond to [M + Rb] + , considering the relative intensity of the signals in ESI-MS.
These results unambiguously indicate an ability of 1 to form a complex with a rubidium ion.
In the analysis of 2, evident 1 H chemical shift differences induced by a rubidium ion were observed for H3 and H4, showing a 0.11 ppm difference (Table 1 and Fig. 3 (theoretical 655.0), respectively, (Fig. 4B ). Since the cross peaks at a diffusion coefficient of 7.44 × 10 -10 m 2 /s were only observed in the DOSY spectrum in the presence of rubidium ions, the major complex formation should be (2 + Rb).
The present results indicate that both 1 and 2 possess the ability to form a complex with rubidium ions. Although the positions in 1 and 2 contributing to the coordination with rubidium could not be determined, due to a lack of information of hydroxyl protons in the NMR measurements using deuterium oxide as a solvent, the results obtained in this work provide valuable information about the coordination property of carbohydrates with alkali metal ions. It has been also demonstrated that DOSY and ESI-MS techniques are capable of providing reliable information to characterize complex formation. 
